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Aluminum 7.0x10 2.5x10 7.0x10 a5 gall
Glass 6.5-7.8x10 2.6-3.2x10 5.0-5.5%10 AtS
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Z f(z) 9 (z) Z f(z) 9 (z)
1.4 0.150 0.838 0.0 0.399 0.00
1.5 0.130 0.866 0.1 0.397 0.080
1.6 0.111 0.890 0.2 0.391 0.159
1.7 0.094 0.911 0.3 0.381 0.236
1.8 0.079 0.928 0.4 0.368 0.311
1.9 0.66 0.943 0.5 0.352 0.383
2.0 0.054 0.954 0.6 0.333 0.451
2.2 0.035 0.972 0.7 0.312 0.516
2.4 0.022 0.984 0.8 0.290 0.576
2.6 0.014 0.991 0.9 0.266 0.632
2.8 0.008 0.995 1.0 0.242 0.683
3.0 0.0044 0.9973 1.1 0.218 0.729
3.5 0.0009 0.9995 1.2 0.194 0.770
4.0 0.0001 0.99994 1.3 0.171 0.806
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0.50 | 3090 (-5°C) ua| 0.055 | 230 agaals
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vertical deflection circuit
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GRAPH A graph of R' against é 2 should yield a straight-line plot,

passing through the origin of co-ordinates,* if the inverse
square law conditions hold.

Saurce,

={e Rl P

FIG. T50L3

Comparison of source intensities

Clearly the gradient of the line so obtained is a measure of the strength of
the source used in the experiment. Accordingly, if the experiment is repeated
using a second source (but all other equip- ment as before) a comparison of
source strengths can be made by comparing gradients of the two linear plots.
Thus,

Strength of source ;  gradient of line OA,

Strength of source,  gradient of line OA,

_AB A,B AB
~ OB’ OB A,B

If a standard y-source of known strength is available the student might
well estimate the 'strength' of his luminous watch in this way.

* Systematic errors in measuring d will affect this, however



APPARATUS

METHOD

Coaxial
conneching
flex

iy
. Tl

% Ratemeter

FIG. 156.1

Geiger-Muller tube (y counting), stand with clamp for
supporting Geiger-Muller tube, radiation source (e.g. 5 u Ci
y-source) with supporting base, forceps for handling source,
ratemeter, 'optical' calipers, metre rule.

Arrange the apparatus as shown in Fig. I 50.1 with the window
of the Geiger-Muller tube a vertical distance d above the source
point. This distance is to be varied (by clamp adjustment) during
the experiment, and can be measured against the metre rule set
vertically in the clamping system against the tube, or by the usual
'optical' caliper method. (If the latter method is used, care must
be taken not to pierce the source film by any sharp attachment
used in the calipers.) Now, using handling forceps, place the
radioactive source in the supporting base and, with the Geiger-
Muller tube at a suitable (high initial count rate) distance d from
the source, note the count rate recorded by the rate- meter (after
an initial 5-min warming-up period). Then successively
increased d by intervals of (say) 4-5 cm and note the count rate
in each position. Finally, remove the source and take the
background count (average of three counts) and, having made
adjustments for background, apply 'dead time' corrections to get
the true count rate R' for each position. Tabulate the results and
proceed as indicated.



RESULTS

Average background count =

c.p.m.

d em Observed eount Clorrected count
rate ¢.p.m. rate (R') c.p.m.
GRAPH A plot of R' against the number of lead

absorbing sheets produces the attenuation grap
shown in Fig. 149.2. The student should read

off the equivalent number of sheets for reducin
the intensity to: (a) half its initial value, and (b,

to one-tenth of its initial value. These are

marked respectively OA4 and OB on the graph.
Then, knowing the sheet thickness, he can con-
vert these values into the 'half lead thickness'
and 'tenth lead thickness' respectively. Thus, if
cm is the thickness of each lead sheet,

'Half thickness' = OA X s cm of Pb
No. of Pb sheels "Tenth thickness' = OB X s cm of Pb
FIG. 149.2 (For a Co® source these values are

respectively [25 and 4°I cm of Pb.)



Linear and mass, absorption coefficients for y-rays
The interaction of y -radiation with matter is a complex subject, the
attenuation of a beam depending on photo-electric absorption, Compton
scattering and pair production. The relative importance of each of these
processes depends, in any given case, on the initial energy of the y-photons an
on the
log, R

atomic weight of the absorbing
material, but it has been shown that the
attenuation produced follows closely on
exponential law (see Fig. 149.2). Thus, i
I, is intensity after passing through a
thickness s of filter, then

I=1Ipe™"
where p is the linear-attenuation (or
absorption) coefficient (measured in

FIG. 140.3 cm).

In these experiments I is proportional

to R' (the corrected counting rate). Whence,
R = Rje™*s
or, taking logs,
log. R =log, R, — ps
A semi-logarithmic plot (log R' against s) will yield the straight line of

Fig. 149.3-the gradient of which yields a value for p.
Thus, n= |g = — cm ! (for Pb from

the results of this expt.)

Another way of estimating the absorption of ¥y -rays by matter is in
terms of the mass absorption coefficient (1), n being defined as

u/p (p being the density of the absorbing medium in g cm~3) and is
usually expressed in (cm?)g units. The student should obtain the value
for n from his observations with Pb sheet absorbers. If a supply of
sufficiently thick sheets of Cu, Zn, Al, etc., is available he should also
find the n values for these absorbers and comment on the results
obtained




Experiment 92

Attenuation of y-rays by matter

APPARATUS

METHOD

J _Loasial

conneciing
& flex

|
ey
sheais |

—

T Cardboard
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H 7% "_c;ﬂmdsr Fotemeter

— Y

FIG, T40.1

Geiger-Muller tube (y -counting), stand with clamp for
supporting Geiger-Muller tube, radiation source (e.g. u C; Co y -
source) with supporting base, forceps for handling source,
ratemeter, several lead sheets, each of 2-3 mm thickness. Open
cardboard cylinder to support lead sheets above source see Fig.
149.1. (Alternatively, use lead castle arrangement-if available).
Micrometer screw gauge (for measuring thickness of absorption
sheets).

Arrange the apparatus as shown in Fig. 149.1. Switch on the
ratemeter and allow it to warm up for 5 min. Using handling
forceps, place the radiation source in position and adjust the
position of the Geiger-Muller tube until a fairly high counting
rate 1s recorded by the ratemeter when there are no lead sheets
screening the source. Note this rate, and take a series of readings
of count rate (with the Geiger-Muller tube at its fixed distance
from the source) as a succession of lead sheets is placed above
the source. Now remove the lead sheets and radiation source and
take the background count (average of three recordings). Adjust
the observed count rates for background, correct for 'dead time',
tabulate and proceed as under.

E



RESULTS

GRAPH

Averape background count = €.,
No, of lead Cbserved coumt Corrected cownt
sheels rafe £, rale (R} e foomr
(=]
I

The absorption of 3-particles by matter (in this experiment Al foils) is
approximately exponential. This is shown by the straight-line section AB of
the graph. After B, the absorption produced by the foils is much less
marked, the section BC representing, in fact, absorption of the y-rays
emitted from the source. The point B thus represents the maximum foil
penetration by the 3-particles. Let this ben foils (say). Then having obtained
the superficial density (mg/sq cm) of the Al foil used--by weighing a piece
of measured area-the maximum range R for the (3-particles in the Al can be
ob- tained in mg/sq cm units. Thus if full B-extinction is obtained with a
foils, each of superficial density w mg/sq cm, the range of the (3-particles in
Al is nw mg/sq cm units.

lng & |

1
|
|
*.". Toils

oo of Toils

Fic. 148.2

Now it has been found that 1 cm of air is equivalent to 1.3 mg/sq cm of Al in absorbing 3-
particles; hence the air range for these particles can now be found from the air equivalent of th
Al for full absorption plus the intervening air gap between the foils and Geiger-Muller tube, ar
the equivalent air thickness of the tube window (maker's specifications).



Estimation of maximum energy of a f3-ray stream

From the range R (expressed in mg/sq cm units of Al), it is possible to obtain an estimate of
the maximum energy of the [3 -rays emitted by the source used in the experiment. This can be
done by using the following empirical formulae given by Feather:
For R > 300 mg/sq cm
Enax (in MeV)- 0.00185 R +0:245
For values of R between 30 and 300 mg/sq cm,
Eumax (in MeV)=0.0128 R*7%

Values for the air range, Al range (mg/sq cm units) and the maximum energy values (MeV)
for the B-particles should be obtained by the student from his experimental observations.

Note on 3 -rays gauge measurements
The arrangement of the Geiger-Muller counting tube and the B-source as described in this
experi- ment can be used as a [3 -rays gauge for estimating the thickness of unknown foils.
The 3 -rays absorption curve is obtained for a set of foils of uniform, known thickness as
described above. The absorption foils are now removed and the unknown foil is interposed
between the source and Geiger-Muller counter (without altering the disposition of the
arrangement) and the counting rate obtained. Then, using the absorption curve as a calibration
chart, the thickness of the unknown foil can be obtained by interpolation on the curve.
For each such determination an absorption curve of the same material will, of course, be
required
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Absorption of B-rays

APPARATUS

METHOD

a?f\
H =4 x"'.
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|
|
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FIG. 1488

Geiger-Muller tube (y/f counting), stand with clamp for
supporting Geiger-Muller tube, radiation source (e.g. 5 u C
mixed source) in supporting base, forceps for handling
source. Set (about one dozen) of uniform Al foils of
superficial density c. 80 mg/sq cm, ratemeter.

Arrange the apparatus as shown in Fig. 148.1. Connect

the Geiger-Muller tube to the ratemeter and switch on for
the equipment to warm up for 5 min. Using forceps, place
the radioactive source in the supporting base and adjust the
height of the Geiger-Muller tube above source so that a hig
count rate is recorded on the ratemeter. Note the ratemeter
reading and, keeping the position of the Geiger-Muller tubx
relative to the source fixed, take subsequent ratemeter
readings as a successive number of foils is placed between
the source and counter tube. Now remove the source and
foils and record the background count. Finally, obtain the
superficial density of the Al foil used by weigh- ing a piec
of foil of measured area.

Tabulate your observations and work out the count rate
R' (corrected for background and 'dead time") from which
to draw the semi-logarithmic plot indicated.



RESULTS

Background count = .M.
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The graph (Fig. 147.2) consists of two well-defined sections; AB, where £ and
y counts are both recorded, and BC, where ¥ counts alone are recorded--the (-
rays having been completely extinguished after B. (For fuller details of this grapl
see p. 261). From the value of log R' at A, the undiminished count rate R' for bot!
$ particles and y photons can be obtained (antilogs); and from the extra- polation
of the graph BC to B', the undiminished count rate R' for y photons can be found
Thus, the undiminished count rate for (3 particles alone is R’y - R's

Now from the disintegration scheme of Co*® (shown, with release energies, in
Fig. 147.3) it can be seen that for each f -particle emitted there are two y-
photons. This factor must be taken into account when deriving the relative f/y
counting efficiency of the tube, which may be expressed as the ratio

B _ 2(Ra—Rs)

Y Rp

= o —%



Experiment 90
Relative efficiency of a Geiger-Muller tube for [ /y counting.

connecting
G flen

—
’%—\ Rotemeter
_

METHOD Geiger-Muller tube (S /y counting), radiation source (e.g.
5 u C; Co® source) in supporting base, forceps for handling
source, ratemeter (or scaler with timing unit), series of Al foils.

APPARATUS Arrange the apparatus as shown in Fig. 147.1. Connect the
Geiger-Muller tube to the ratemeter and switch on for the
equipment to warm up for 5 min. Using handling forceps,
place the source in the supporting base and adjust the Geiger-
Muller tube above the source so as to give a fairly high initial
counting rate. Note this counting rate and, maintaining the
relative positions of the tube and source constant, take a
series of counting rates as a number of aluminium foils is
interposed between the source and tube. Now remove the
source and obtain the background rate (average of a series of
observations). Correct all previous readings for background,
and for 'dead time'. Tabulate all observations, draw a semi-
logarithmic plot of corrected rate (R') against the number of
absorbing foils and then proceed as indicated below.

RESULTS Background counts (per min) =

Average background count = per min



THEORY

- ; Ratemeler Corrected cound
No. of foils reading ¢ f.m. rate (R ¢ pom.

Now if the area

K Areald cm?)
of the Geiger- ng/gf G.M. tube window
Mulls:r tube win- //_, | S,
dow 1s 4 cm3 y ! .
(maker's / dem N

. . \
specifications, or { | \
obtained from ___i_______S.El% _____ I
diameter

16, 146,
measurements) WS s

which is set d cm above the source S, then (assuming uniform
emis- sion of the § -rays in the upper hemispherical region
around S), the proportion of B-particles entering the tube
window will be

A
2md?

Now the number of disintegrations undergone by a I-C,
source per second is 37 x10'° (see p. 250). Hence, for a I-
uCi-source there will occur

37x10*x 60 disintegrations (emitted f3-particles from the
source in question) in 1 min, and the number of these
entering the tube window will be

7 X 37 x 10* x 60

Thus, the tube efficiency for [3-counting may be expressed as

the number of recorded ionizing events in the tube in a given time the

calculated number of B-particles entering the tube in the same time
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(corrected) recorded counts per min

calculated (3 arrivals per min
N

%x3-7x104><60
e vee s OF e %0

Efficiency of a Geiger-Muller tube for § counting.

METHOD

APPARATUS

H \
Coaxial

connecting
9 | flex

Scaler

\\l

V. Y

FIG. 146.1

Geiger Muller tube, radiation source (e.g. I u C; Sr -
source) in supporting base, forceps for handling source, scalet
clamp and stand, stop-watch, metre rule

Arrange the apparatus as shown in Fig. 146.1. Connect
the Geiger-Muller tube to the scaler and switch on for the
equipment to warm up for 5 min. Using handling forceps,
place the radioactive source in the supporting base and
adjust the Geiger-Muller tube so that its 'window' is at a
measured distance (5 cm say) vertically above the source.
Note the number of counts recorded by the scaler in a period
of (say) 5 min, and hence obtain the number (N) of counts

L



per minute. Now remove the source and obtain the average
background count rate (per minute) from a series of
counting records. Correct observed counts N for background
and for 'dead time'. Set out all observations and proceed as

follows:

RESULTS Distance d of Geiger-Muller tube windows from S
= cm
Counts recorded by scaler in min

=~ Recorded count rate (V) per min

Background counts per min =

5 b b 5

Thus average background 'count rate () per min
Hence adjusted background counts per min-N-n =

Apply 'dead time' correction from known dead time of
scaler (see p. 255) to get corrected count rate (N') per min

APPARATUS  Geiger-Muller tube (S /y counting), lead castle, scaler
unit, stop-watch, two radiation sources (e.g. standard 1-5 p
Ci sources as supplied for school use), forceps for
handling sources.

METHOD Set up the apparatus as shown in Fig. 145.1. Connect
the Geiger-Muller tube to the scaler and switch on mains
for the equipment to warm up for 5 min. Using forceps,
place the source, left of centre on the shelf of the lead
castle. Then add sources symmetrically to the right of
centre on the same shelf, and, finally, remove source,
without disturbing sources. At each of these three stages
take three or four counts (for averaging) over, at least, a 2-
min counting period. Then, with both sources removed,
take a background count. Record all observations and
proceed as follows:



RESULTS Counts with source, alone: average =

c.p.m.
Counts with sources 1 and 2 together: average = ’
Counts with sources alone: average = )
Background counts: average = s

Now if Ry, R,, and Rjare, respectively, the observed rates (corrected
for background) for source; alone, source; alone, and sources 1 and 2
together, and if Ry, R}, R;' are the corresponding true rates of arrival of
ionizing events, we have, since the experimental conditions (and, in
particular, the geometry of the counting arrangements) are the same for
the two sources, R; = R;' + R,’

and, from the preceding section,

source; alone: R; — R, = R{RyT

source; alone: R, — R, = R3R,T

sourcei, and source, together: (R, + R,’) — R; = (R, +
R,R;T

when 1s the dead time of the counter.

By neglecting terms of the order (R;)?, these three equations can be
Ry+Ry—R3

solved to give the following expressions fort: 7 = SRR
102

Hence, using the results above, we have for the counter in question,

T= ......5eC
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Dead time of a Geiger-Muller tube

Introductory

When an ionizing event takes place in the Geiger region of a counter
tube an avalanche of electrons is formed in the neighbourhood of the
positively charged axial wire, leaving a cylindrical sheath of positive ions.
This positive-ion sheath now moves outward to the cathode (where the ions
are neutralized), but the tube will be insensitive to any further ionizing
event during the delay in the recombination of the gas molecules. This
period of insensitivity is known as the dead time of the tube. Immediately
following this period an ionizing event can again be detected, but at smaller
pulse amplitude. With delay the pulse will be larger until a time will arrive
when the pulse amplitude is fully restored. This further time for full
recovery of sensitiveness is known as the recovery time of the tube. Both
these times refer particularly to the detection mechanism.
By using halogen agents to quench the discharge, counters are available
with dead times of u-sec, which means that 4000 evenly spaced pulses per
sec can be detected.
The resolving time of the associated recording apparatus (i.e. the
minimum interval between which counts can be recorded) not infrequently
lowers the upper limit of recorded counts, however.
Correction of recorded counts
Suppose
R=number of counts per sec actually recorded by the counting device,
T = dead time (in sec) initiated by each count, and

R = true mean rate (per sec) of the ionizing events arriving at the tube,
then, the total insensitive time for the counter at the recorded rate R will
be R; sec in every second. Hence, if the particles are arriving at the average
rate of R’ per sec the number of counts not registered by the counter in each
second will be R' R, , which number is clearly equal to R'-R. Thus, we have
R'—R = R'R,

from which R =R
1- R,

This is a reasonably reliable expression for correcting the recorded counts

. : : : 1.
for dead time effect, provided the counting rate is less than ¢ oo imposed

O



by the electronic quenching circuit. (For a tube of dead time 250 u- sec this
gives a counting rate of up

to 400 per sec for the ol _
applicability of the above el Gneetg
correction.) oot ok

Experimenta
To determine the dead
time of a Geiger counter by

Source-
Scaler

Fi, 1451
the double-source method
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FIG. 144.2

qote For conversion of the observations into standard mudintion flux units, sec notes on p. 251.

Note on the statistics of radiation counting

In the sense that the disintegration of a radio nuclide is not affected by the
decay of neighbouring atoms nor, indeed, by any physical variable, such as
temperature, pressure, etc., the emissions from such a nuclide may be considered to
occur in a purely random manner. This means that the counting rate of these
emissions will show random fluctuations which, of course, assume significance in
assess- ing the reliability of recorded counts.

The arithmetic mean of a series of such counts will not, of course, give any
information regarding the spread of the observations from the mean; for this
recourse must be made to the standard deviation (o) of the observations. Now by
applying probability theory to the problem of radioactive decay, and particularly
the Poisson probability distribution function, it can be shown that the standard
deviation for a number of observed counts N is given by the expression o = V/N.
This means that the observed value N may be considered as reliable only between

P



the limitsN + VN or, in other VN words, that the error in its determination is

+ %Thus, for a count total of 10,000, the inherent counting error is +100 or 1% of

the recorded number. Errors greater than 1% will be associated with counts of less
than 10,000 and the limitation of counting procedure is immediately obvious, for
with a weak source a long count period will be required if counts are to be within
the above tolerance range and, of course, during this time the activity of the source
(unless long lived) may become appreciably attenuated.

Note on background count corrections

In most counts described in these exercises the normal procedure is to carry out a
counting se- quence using a given source and then to correct for background
effects--the difference giving the count result for the source alone. The errors
associated with these results, however, must be calcu- lated from the associative
law of standard deviations, viz. a7 = g5 + 0. Thus, if x refers to the source and
background (count of, say, 324+ 18 per min), and y to the background alone (count
of, say, 36 +6 per min), the count rate per min for the source alone is 288

+./(18)2 + 62 = 288 + 19.

*The average of the squares of the deviations of a series of observations from the
mean value is known as the variance (c2) of the data. The standard deviation (o)
is thus the root mean square deviation of the data-measured from the mean.
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Counting and monitoring exercises using a Geiger-Muller tube and scaler

APPARATUS (@) Background Counting

Geiger-Muller tube with scaler, stop-watch.

METHOD Connect the Geiger-Muller tube to the scaler. Switch on the
scaler and allow it to warm up for 5 min. Ensure that no
radioactive source is anywhere in the vicinity of the Geiger-
Muller tube, then set the scaler and switch to counting position
simultaneously starting the stop-watch. Note the number of counts
(N) recorded in each period of three 20-min counting periods. Set
down observa- tions with appropriate counting rates (R). Now

calculate the counting error for each rate of count as outlined in p.
253.

Count; Count, Counts
N = ¢
R = ¢
Counts per s ‘
min
Counting , ¢
" error"

RESULTS

RESULTS (b) Directional emission from a radioactive source

Geiger-Muller tube (S /y counting), stand with clamp. for
supporting Geiger-Muller tube, radiation source (e.g. 5 uC, mixed
source) in support- ing base, forceps for handling source, scaler,
stop-watch.

METHOD

Arrange the apparatus
as shown in Fig.
144.1. Connect the I i‘\
Geiger Muller tube to """~

the scaler for the Arc of given

radius from
source centre /

equipment to warm up /
for 5 min. Set the 1/
Geiger-Muller tube in /
the stand so that the V4 .
window points to the % St
source centre S at a /

fixed radial distance FIG. T44x

R

Coaxial
connecting
™ flex




from it, the axis of the tube making an angle of with the vertical
through S. Using forceps, place the radia- tion source in the
supporting base, then observe the number of counts recorded in 1
min (say). Repeat for a series of values of 8 at in- tervals of 15° on
either side of the vertical (and including the vertical setting)
keeping the Geiger-Muller window always facing S and at a
constant radial distance from it. In each position note the number
of counts recorded in a period of 1 min. Correct for background and
set down observations as under. Then draw the polar intensity
distribution diagram (count rate along polar distance) as indicated.

An approximate formule giving the rate Dr. (in rad /hr) at adistance of I ft
(30 cm) from source of strength C; curies emitting y-radiation of total energy £
mega-electron-volts is Dr = 6C.E. Thus I me of Co®, which emits two y-rays of
1-17 and 133 MeV, would produce a radiation flux rate

of 6 x 10 x 2.5= 15 mR/hr at a distance of 1 ft from the source or, at a
distance of 2 ft (applying the inverse square law), of 3-75 mR/hr (= % M.P.L. for

40-hr week working). School sources are limited to a few micro-curies only.
Thus, with a 5- u ¢ source the y-flux rate at a working distance of 2 ft is only 18-
75pu R/hr. With two 3-hr periods (say) of practical work per week this would

summate about 100uR or only ﬁof the M.P.L. Indeed, this intensity is

comparable with the dose rate from background radiation which is of the order
of 10-20 u R/hr. A teacher working with students for 10 hr per week over a 6-
week period would absorb (under the above conditions) about I mR of

y -radiation from the experimental source as against about 20 mR from
background. None the less, the dose rate is a function of distance and is
sufficiently increased when handling (even with forceps) that constant care be
given to this matter.

For the estimation of school laboratory dose levels, as well as for

general monitoring work, the Geiger-Muller tube with a scaler (or, for more
rapid recording, a ratemeter) serves well. Although the tube counting rate
depends on the energy of the radiation and type of detector, the low-voltage
tubular f/y counting devices of the type usually found in school
laboratories can be taken as having a dose-rate detection factor of
approximately 2 counts per minute for, each u R/hr of y -radiation flux (i.e.
approximately 30 counts per minute for the average background of 15 u
R/hr). Admittedly this is a somewhat rough guide, but it will serve to give
a reasonable measure of y - or X-ray field inten- sities. The student could

S



well use the Geiger-Muller tube unit to monitor, say, a low-pressure
discharge tube system as well as for estimating dose levels at working

distance from radioactive sources.

The electron-volt (eV) is the energy acquired by an electron falling through a
potential difference of 1 volt (= 1601 x 10!? joules). The mega-electron-volt (MeV) is
one million times this quantity.

Experimen. 86

Radiation hazards-dosimetry

UNITS OF
SOURCE
STRENGYH

In the course of laboratory work in modern physics a—, f—,y —,

and X-radiation will be encountered, all of which can have deleterious
effects on body tissues. Although the sources available for school use
are extremely weak, none the less it is important to realize that frivolous
or thoughtless use of such sources can result in some radiation hazard,
and it is essential that students should be taught. the correct procedures
(as if, indeed, they were dealing with much more potent sources) and
have some realization of the factors involved.

Normal practice in radiation laboratories is for thorough washing of
the hands after dealing with radioactive materials, but this, in general,
will not be necessary with the encapsulated sources pro- vided for
school use-unless the covering is inadvertently, or otherwise, disturbed.
Pollutions or contaminations, then, are most unlikely, and the main
concern will be with radiation intensities which, in general, can be
attenuated by screening and/or distance.

Of the radiations emitted from radioactive sources, the a-rays have a
range of only a few centi- metres in air, and thus their direct effect is
negligible. They can, in any case, be completely stopped by a thin metal
foil. B-rays have a far longer air range than a-particles, but, unless very
energetic, can be stopped by the walls of ordinary glass containers or by
thin metal sheets. y-radiation is not nearly so easily cut off, and this
forms almost the only radiation hazard to which students and teachers
are exposed.

Below are set out some notes on radiation dosage measurements, but
before dealing with these, it must already be obvious that as a matter of
policy radioactive sources should be handled only with forceps, the
teacher being present to supervise that this is done if students are
conducting the experiment themselves.

The strengths of radioactive sources are measured in terms of the curie
(C1). A source has a SOURCE strength, of activity, of 1 curie when it
undergoes 37X 10! disintegrations per second. It is roughly STRENGTH

T



UNITS OF
RADIATION
DOSE

equivalent to the activity of 1 g of radium. Subdivisions of this unit are use

for weaker sources: thus the milli-curie (mC;) and the micro-curie (i C;).
School sources are of the order of a few micro-curies.

(@) The roentgen is that quantity of ¥ —X-radiation which liberates 838 X10¢
joule of energy per gramme of air, at s.t.p., by ionization.

(b) The rad is that quantity of radiation (a—, §—, cry —) which liberates
10X 107 joule of energy per gramme of air, at s.t.p., by ionization.

Both the roentgen and the rad apply to Y -radiation, although the rad is

becoming accepted as the standard unit in radiation monitoring.

For supervised workers exposed to radiation hazards, a safe level of dose rate-

the so-called maximum permissible level (M.P.L.)-has been agreed upon. This has
been fixed at 073 rad per week (=75 mR/hr for a 40-hr week). For casual, or

1
unsupervised, workers the radiation dose must be ﬁof the M.P.L., i.e. 0-25 mR/hi

for the 40-hr week. As will be seen in what follows, this is far in excess of anythir
likely to occur in a school laboratory.

* The actual biological effect on man depends on the type of radiation as well as
the intensity. Thus the dose in rads must be multiplied by a factor-the relative
biological effectiveness, R.B.E. (sometimes called the quality factor) to obtain

the actual effect. For  or X-rays the R.B.E. factor is taken as unity, for a-
particles and protons the factor is 10, while for heavy recoil nuclei the factor is
approximately 20. A unit, the roentgen- equivalent-man (rem-also called the
dose equivalent) is sometimes used for the unit of radiation dose absorbed by

man. Thus, dose equivalent in rems-dose in rads (m) XR.B.E. (7). For a mixed
radiation field, the separate effects are taken as additive, hence total dose

equivalent will then be (M1, + Mm,n, ... rems.

Note on count recording devices

Two types of electronic counting devices are available for use with
Geiger-Muller probe units These are: scalers and rotameters. A
scaler is a device which directly records the counts of tube pulses,
and a convenient instrument of this type would have a number of
decade counting tubes ("Dekatrons') yielding counts of up to
100,000. The instrument should be sensitive, i.e. work on a low
input (less than 1 volt) signal, and have a low resolution time (see
p. 255). A count calibration check at mains frequency is a
desirable feature. The scaler gives an integrated count of the tube
pulses over a period, and thus, with an accurate stop-watch, will
give an accurate mean pulse rate.

The ratemeter, on the other hand, is designed to record directly on
a suitable panel meter the instantaneous pulse rate. A selection of
measuring ranges and integrating times (for determining the speed
of response of the instrument) is usually available, and both types
of instrument invariably incorporate a continuously variable
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(recorded) extra-high-tension (e.h.t.) unit and have a relatively
high output impedance to avoid lethal polarizing potentials being
applied to the attached Geiger- Muller tube.

The two instruments are complimentary in function, the scaler being
used when high counting accuracy is required, but for rapid
radiation monitoring the rotameter has the clear advantage.

counting. Increasing the applied voltage beyond C
initiates a continuous discharge which may seriously
harm the tube. Normally Geiger Muller tubes are
operated at a voltage of about 75 volt above the Geiger
threshold voltage at B, and the extent of the plateau is
about 200 volt.

The plateau of a Geiger-Muller tube is never quite flat, the
deviation from the ideal state being. measured as a
percentage rise in pulse voltage per volt change in
operating voltage. For a well- constructed tube this

should be less than 0-1%, but its value increases with the
age of the tube-as does the Geiger threshold voltage.

APPARATTUS Experiment to determine the characteristics of a Geiger-
Muller tube.

Geiger-Muller tube (8 /ycounting), radiation source (e.g. 5
nC, mixed source) in supporting block, forceps for
handling source, stand with clamp for supporting Geiger-
Muller tube. Count-recording device (e.g. scaler-see

Note on p. 249) with in-built h.t. and voltmeter units (if
voltage unit not incorporated on external d.c. source up

to 500 volt and suitable voltmeter will be required).

Stop- watch.



METHO

Using handling forceps, place the source firmly in the base block
on the bench. Clamp the Geiger- Muller tube in a vertical position
with its entry window facing the source and at a fixed distance
from it (see Fig 142.1). Connect the Geiger-Muller tube to the
scaler and switch on mains for the equip- ment to warm up for 5
min (say). Now adjust the applied voltage until the scaler shows
response. Note this voltage and take the average of three count
rates at separate 2-min intervals. Repeat the procedure in steps of
5 volts until the Geiger-Muller threshold is reached, thereafter in
steps of 25 volts. Discontinue the readings immediately the count
rate indicates rapid rise-otherwise the Geiger Muller tube may be
seriously harmed. Tabulate all observations and proceed as under.

RESUL

Recorded Awvdrage
colhl rates count rale

Applied volts

TS

k3 ¥

GRAPH

From graph (Fig. 142.3)

Geiger threshold voltage 04" = valt
Plateau length A'B" = volt

Plateau slope characteristic

= % » 1oofd' B’ (volt)

Applied volt

= % per applied volt
FIG. 142.3
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Characteristics of a Geiger-Muller tube
Introduction

The Geiger-Muller tube is essentially a discharge tube having a thin
conducting cylinder as cathode with a coaxial wire serving as the anode.
The tube is filled with an inert
gas, such as argon, to a pressure
of a few centimetres of mercury
together with additions of
halogens, or organic vapours, to
quench the discharges. When a
suitable potential difference is
applied across the electrodes the
entry of a particle (a or 8) or a y-
photon into the tube initiates an
1onizing event which pro- duces
a pulse of voltage across a resistor con- nected externally across the
electrodes. This voltage pulse can be recorded variously by a cathode-ray
tube, a scaler, pulse electroscope, etc., and in general, varies in conjunction
with the voltage applied across the tube electrodes.

Geiger 4
&4 Plateau
threshold ~ slope

o Velloge of outpul pulse

Applied voltoge
FIG. T42.1

This is shown in Fig. 142.1.

For very low values of the applied voltage the very small ionization
currents that may result from the ionizing event require a high-gain
amplifier for recording, but as the applied volt- age is increased the
electrons released in an ionizing event acquire sufficient energy to ionize
neutral atoms of the filling gas. The electrons pro- duced by these collisions
may cause further ionization and so on. This process is known as gas
amplification and implies that the magnitude of the resulting voltage pulse
in the external circuit increases with the applied tube volts. This is indicated
by the range AB on the graph (Fig. 142.1) and is known as the
proportionality region of the counter.

Further increase in the applied voltage increases the gas amplification,
the 10nizing cascade of electrons spreading along the whole length of the

X



anodic wire. Strong output pulses now result which are almost independent
of the strength magnitude of the initiating ionizing process. This more or
less horizontal region (B-C) is called the Geiger plateau and is the range
used in Geiger-Muller

Coaxial
connecting
lex

Source in
blgpk base

" Scaler

. LY

FIG. 142.2
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